Background: New direct-acting antiviral agents for hepatitis C genotype 1 infection, boceprevir and telaprevir, offer enhanced sustained virologic response (SVR) among both treatment-naïve and treatmentexperienced patients. Aim: To determine the relative efficacy of the new direct-acting antiviral agents by applying a multiple treatment comparison meta-analysis. Design: We included published Phase II and III randomized controlled trials evaluating head-to-head comparisons between boceprevir, telaprevir, peginterferon alpha-2a with ribavirin and peg-interferon alpha-2b with ribavirin in hepatitis C genotype 1 patients. We applied Bayesian multiple treatment comparison meta-analysis. Results: We included data from four boceprevir, three telaprevir and six peg-interferon alpha-2a plus ribavirin vs. peg-interferon alpha-2b plus ribavirin randomized controlled trials. Both boceprevir and telaprevir offer statistically superior outcomes
Introduction
Treatment for hepatitis C virus (HCV) infection is rapidly evolving, with several exciting new treatment developments, offering hope to both treatmentnaïve HCV patients and patients who had previously exhausted their treatment options. In particular, two direct-acting antiviral compounds, telaprevir (TVR) and boceprevir (BOC) have recently been approved in Europe and North America for the treatment of HCV genotype 1 infection, the most common genotype in these regions. 1, 2 TVR, a linear peptidomimetic HCV non-structural 3 (NS3)/4A serine protease inhibitor, and BOC, a protease inhibitor that binds to the HCV NS3 active site, are now recommended for use in combination with peg-interferon alpha (peg-INF alpha) plus ribavirin (RIB) for HCV genotype 1 patients.
Several large randomized trials demonstrate that both TVR and BOC, in combination with standard treatment, offer very favorable outcomes in terms of sustained virologic response (SVR). These benefits appear for both treatment-naïve patients (those who have not received any drug therapy for their HCV infection) [3] [4] [5] [6] and treatment-experienced patients (those who have previously been treated for HCV and did not achieve a SVR to the therapy) [7] [8] [9] when compared to standard therapy alone.
No direct head-to-head clinical trials have evaluated the superiority or non-inferiority of these new agents. A new statistical approach, termed 'multiple treatment comparison' (MTC) meta-analysis, allows an analysis of the comparative effectiveness of these agents compared with existing standard treatments to determine their relative effectiveness. This clinically useful tool allows the reader to determine the effectiveness of all examined interventions compared with each other. 10 We aimed to evaluate the relative effectiveness of standard treatment with peg-INF alpha-2a or alpha-2b plus RIB and the new direct-acting antivirals, TVR and BOC, in combination with these standard treatments among HCV genotype 1 patients.
Methods Eligibility criteria
We included published Phase II and III randomized controlled trials (RCTs) examining the efficacy and safety of peg-INF alpha-2a or peg-INF alpha-2b plus RIB, and TVR and BOC in combination with peg-INF alpha-2a or peg-INF alpha-2b plus RIB. We considered both standard-duration therapy and response-guided therapy regimens (refer to Table 1 for the definition of each standard-duration and response-guided regimen eligible).
Included RCTs must have had a common comparison so that a common comparator could be made. Only RCTs reporting outcomes predominantly for genotype 1 HCV infected adult patients were considered. A priori we were aware that some RCTs may provide outcomes for genotype 1 and genotype 4 patients combined. Where possible, we considered only outcomes for genotype 1 patients, but where not possible, we included the outcomes for genotype 1 and genotype 4 patients combined. Both treatment-naïve and treatment-experienced populations were considered. We excluded trials conducted among co-infected patients (e.g. HIV and hepatitis B).
Search strategy
In consultation with a medical librarian, two investigators (K.T. and E.D.) conducted a comprehensive systematic search of the literature. The searches included the following terms: boceprevir, telaprevir, peginterferon, peg-interferon, pegylated interferon, ribavirin and hepatitis C. Each search was limited to RCTs in humans. Searches were not limited by language, sex or age. The searches were performed using the following databases [from inception to Week 4 of 2012 (23-29 January)]: MEDLINE (via PubMed), EMBASE, Cochrane CENTRAL, AMED, CINAHL, TOXNET, Development and Reproductive Toxicology, Hazardous Substances Databank, PsychINFO and Web of Science (refer to Appendix 1 for an example of a full electronic search strategy utilized). The bibliographies of published systematic and narrative reviews and relevant included trials were also searched.
Data abstraction and endpoints
Two investigators (K.T. and E.D.) working independently, in duplicate, abstracted data on the following efficacy outcomes: the proportion of patients achieving SVR (defined as an undetectable HCV RNA at the end of the 24-week post-therapy follow-up period), the proportion of patients relapsing (defined as a reoccurrence of HCV RNA within the 24-week post-therapy follow-up period) and the proportion of patients discontinuing treatment due to an adverse event (defined as the discontinuation of all assigned study drugs during the set treatment period due to an adverse event). Data were also abstracted for the following commonly reported hematological adverse events: anemia (generally defined as hemoglobin <100 g/l), neutropenia (generally defined as absolute neutrophil count <0.75 Â 109/l) and thrombocytopenia (generally defined as a platelet count <150 000/ml). Additionally, data were abstracted for the following commonly reported dermatological adverse events: rash (any, as reported by site investigators) and pruritus (any, as reported by site investigators). These data were only abstracted for the standard-duration therapy and response-guided therapy arms, as described earlier, among both treatment-naïve and treatment-experienced patients. Where necessary, we contacted the primary authors of the trial publications for clarifications on trial data, including study setting, participant inclusion criteria, therapy durations, outcomes data, and in the case where only an abstract was available, to ensure we were utilizing the most current and accurate data.
Statistical analysis
Our analysis applied a MTC method. This approach permits the calculation of the relative difference between treatments that have not been evaluated directly. 11 Although statistically complex, this approach is now widely accepted by clinical guideline committees and health regulatory authorities. 12 We applied a Bayesian analysis, which permits more sensitivity analyses than a usual frequentist analysis and is more conservative. We present our findings as odds ratios (ORs) and 95% credible intervals (95% CrIs), which are the Bayesian equivalent of confidence intervals.
We assess the following outcomes: SVR, relapse, discontinuation due to adverse events, anemia, neutropenia, thrombocytopenia, rash and pruritis. All outcomes are binary, and so, we modeled (log) ORs for the considered treatment comparisons using Bayesian MTC meta-analysis. 13 The statistical technicalities of this approach are described elsewhere. 11 For all six comparisons between the four treatments, we calculated median ORs and 95% CrIs from the Bayesian posterior distribution. To check agreement between pair-wise estimates and MTC estimates, we also conducted pair-wise random-effects meta-analysis for all pair-wise comparisons. K.T. and E.D. conducted all statistical analysis. All MTC analyses were conducted using WinBUGS (MRC Biostatistics Unit, Cambridge, UK). All pair-wise meta-analyses were conducted using StatDirect version 9.1. Table 2 provides the characteristics of the included RCTs. Figure 1 displays a schematic of the trial selection process. Six trials assessed peg-INF alpha-2a plus RIB vs. peg-INF alpha-2b plus RIB, [14] [15] [16] [17] [18] [19] three assessed TVR in combination with peg-INF alpha-2a plus RIB vs. peg-INF alpha-2a plus RIB alone 3, 4, 7 and four assessed BOC in combination with peg-INF alpha-2b plus RIB vs. peg-INF alpha-2b plus RIB alone. 5, 6, 8, 9 Of note, the TVR trials did not permit the use of erythropoietin therapy to treat anemia; however, at the discretion of the investigator, patients in the BOC trials could be prescribed erythropoietin if hemoglobin levels dropped below 10 g/dl. Nineteen trials extracted for detailed evaluation were excluded for the following reasons: 12 were Phase I trials examining pharmacokinetics, tolerability or safety (nine of which assessed TVR and three of which assessed BOC), [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] three did not examine a standard-duration or response-guided therapy arm (each of which assessed TVR), [32] [33] [34] three did not examine a control treatment nor common comparator (each of which assessed TVR) [35] [36] [37] and one did not examine the outcomes of interest specifically for genotype 1 or genotype 1/ 4 (which assessed TVR). 38 Refer to Table A1 for a list of the excluded trials.
Results
For treatment-naïve patients, TVR and BOC were linked through the head-to-head comparisons of peg-INF alpha-2a plus RIB and peg-INF alpha-2b plus RIB for all efficacy measures (Figure 2A ). For treatment-experienced patients, head-to-head comparisons of peg-INF alpha-2a plus RIB and peg-INF alpha-2b plus RIB were not available, and thus, TVR and BOC were linked through the assumption that peg-INF alpha-2a plus RIB and peg-INF alpha-2b plus RIB were similar in terms of efficacy and safety ( Figure 2B) . Table 3 presents the ORs and 95% CrIs for the efficacy measures, SVR, relapse to treatment and discontinuation due to adverse events. For treatmentnaïve patients receiving standard-duration therapy, TVR and BOC were statistically comparable in terms of SVR and relapse, as indicated by the wide 95% CrIs (note that data on discontinuations due to adverse events were not available among naïve patients provided standard-duration therapy). Similarly, for treatment-experienced patients on standard-duration therapy, TVR and BOC were statistically comparable, in terms of SVR, relapse and discontinuations due to adverse events, as indicated by the wide 95% CrIs. Furthermore, for treatmentnaïve patients receiving response-guided therapy, TVR and BOC were also statistically comparable, in terms of SVR, relapse and discontinuations due to adverse events, as indicated by the wide 95% CrIs (note that no trial reported on treatment-experienced patients receiving response-guided therapy). Finally, TVR and BOC both yielded higher SVR rates, lower relapse rates and higher discontinuation rates than the two peg-INF alpha plus RIB regimens. Table A2 presents the corresponding pair-wise comparisons from the pair-wise random-effects meta-analyses. Table 4 presents the ORs and 95% CrIs for adverse events of anemia, neutropenia, rash and pruritus. For treatment-naïve patients receiving standardduration therapy, TVR yielded lower rates of anemia and neutropenia, but higher rates of rash and pruritus. The 95% CrI for rash did not include 1, suggesting statistical evidence of higher incidence of rash episodes in patients treated with TVR compared with BOC. For treatment-experienced patients, all adverse event rates were higher with TVR. For treatment-naïve patients receiving response-guided therapy, TVR and BOC yielded comparable rates of anemia and neutropenia, and TVR yielded higher rates of rash and pruritus. The 95% CrI for rash did not include 1, suggesting statistical evidence of higher incidence of rash episodes in patients treated with TVR compared with BOC. Table A3 presents the corresponding pair-wise comparisons from the pair-wise random-effects meta-analyses.
Although thrombocytopenia was not consistently reported in the trial publications of TVR or BOC, combined data from all trials were available in the US Food and Drug Administration (FDA) reports. 39, 40 For TVR, 18 of 1823 (1.0%) patients randomized to a treatment arm containing TVR were diagnosed with thrombocytopenia, whereas 1 of 764 (0.1%) patients randomized to a matched placebo arm was diagnosed with thrombocytopenia. For BOC, 49 of 1057 (4.6%) patients randomized to a treatment arm containing BOC were diagnosed with thrombocytopenia, whereas 7 of 443 (1.6%) patients randomized to a matched placebo arm were diagnosed with thrombocytopenia. These proportions correspond to an OR of 3.36 (95% CrI 0.46-88.7). Note, however, that this OR represents the comparative risk of thrombocytopenia across both naïve and experienced patients receiving either standard-dose duration therapy or responseguided therapy.
Discussion
Our study demonstrates that both new direct-acting agents offer favorable outcomes over standard therapy for the treatment of genotype 1 HCV infection. Clinically important outcomes, including SVR, relapse and discontinuation of treatment due to adverse events appear to be similar between the two direct-acting agents and are clearly superior over the standard therapies examined for both standardduration therapy and response-guided therapy regimens. Our findings should be of interest to clinicians and patients who are seeking either the most effective options for first-line therapies or exploring options among more experienced patients.
The decision to use one specific HCV peg-INF alpha or direct-acting antiviral over another is based on multiple parameters, including SVR rate, relapse rate, discontinuation rate due to adverse events, side-effect profile, dosing regimen, pill count, resistance risk, likelihood of shortened therapy utilizing a treatment (RGT) approach to therapy, patient characteristics (e.g. physical, behavioral and genetic) and cost. Our analysis suggests that SVR, relapse rate and discontinuation rate due to adverse events can be removed from this decision algorithm in genotype 1-infected populations as these key outcomes of HCV therapy, based on currently available data, are similar between TVR and BOC containing regimens and between the peg-INF alpha-based treatments. Overall, our analyses suggest that the Fixed-effect MTC model assuming equal effects of the two peg-interferons. other key medication characteristics listed above should guide the selection of the two currently licensed protease inhibitors. With publication of additional data pertaining to TVR and BOC and the eventual approval of other direct-acting antivirals, the factors that inform medication selection in clinical practice will require reconsideration and updating.
There are several important strengths to consider in our analysis. First, our analysis permits inferences into differences in treatment effects that had not been evaluated directly. This approach is relatively new in the clinical literature and allows for a more powerful exploration of treatment differences than pair-wise meta-analysis permit, which would not have been appropriate for this analysis. 13 This method provides stronger inferences than adjusted in direct comparisons. 41 We recognize that both direct-acting agents were provided on top of standard treatment. We examined whether the choice of peg-INF alpha affects the treatment outcomes of patients and found that they did not matter in a clinically important manner.
There are also certain limitations to consider in our analysis. We included all published studies evaluating the head-to-head comparisons of interventions in our network. In some circumstances, these were small. For example, the number of trials contributing to the analysis of experienced patients may provide less precise estimates than if we had a larger number of trials. 42 For experienced patients, we were unable to determine the outcomes of relapse or discontinuation due to non-reporting in the primary studies. Furthermore, the boceprevir trials conducted among experienced patients did not recruit null responders, but the teleprevir trials did. In this regard, the treatment-experienced populations are dissimilar, and the results may slightly underestimate the efficacy of telaprevir and/or slightly overestimate the efficacy of boceprevir in the prior non-response subgroup of patients. We estimated the additive effects of each direct-acting agent on top of the chosen peg-INF alpha used in each trial and did not demonstrate a statistically significant benefit of peg-INF alpha choice. There is some reason to believe that the choice of peg-INF alpha will differ in terms of treatment outcomes depending on the population studied. 43 We performed a variety of regression analyses to determine whether patient status, in terms of gender and percent of trial population cirrhotic, impacted our findings and demonstrated they did not (data available upon request). Given the small number of included studies of each agent, subgroup analyses based on our regressions should be interpreted with caution. 44 Finally, while our results indicate that anemia is slightly increased with TVR and moderately increased with BOC, it should be recognized that erythropoietin, used for the management of anemia, was not permitted in the TVR trials. This difference in erythropoietin use could have affected the proportions of patients discontinuing due to anemia. The statistical approach that we employed is widely accepted by agencies such as the UK National Institutes of Clinical Excellence, the Canadian Drug Safety and Effectiveness Network and the US Agency for Healthcare Research and Quality. 13 However, many clinicians may be unfamiliar with this approach and few guides are available to critically appraise such studies. The MTC meta-analysis relies on many of the same assumptions as a standard pair-wise meta-analysis. 45 There is a necessary consideration that the trials of each agent are sufficiently similar to pool together in terms of populations, interventions and outcomes. A further necessary consideration is that these similarities exist across the different agents. Finally, there is a necessary consideration that indirect comparisons and direct comparisons yield consistent outcomes, a finding that can be assessed statistically when both direct and indirect evidence are available for the same interventions (in this case, in the peg-INF alpha plus RIB treatments). The largest analysis that has examined the coherence between direct and indirect comparisons of trials, published in 2011, found that there was inconsistency in only 14% of evaluations. 46 In summary, both of the new direct-acting protease inhibitors available to treat HCV infections yield superior treatment outcomes when added to the peg-INF and RIB combinations alone and thus provide exciting new opportunities for hepatitis C control. Given their similar efficacy, selection of regimen to treat individuals with hepatitis C infection should include specific considerations such as tolerance and cost. ORs > 1 indicate higher rates in the first treatment group. CI, confidence interval.
